In the past many attempts have been made to study the cause of death in surgical patients. Some of these have been based on Coroners reports and have concentrated on immediate deaths or deaths within 48 h of the operation (Edwards et al., 1956; Clifton and Hotten, 1963; Rashad et al., 1965; Holland, 1970; Bodlander, 1975) . Although these studies are useful in considering deaths where anaesthesia is thought to be responsible they miss the later postoperative deaths.
The first paper in this series compared the anaesthetic records of the 1958-63 patients and those of 1972-77. Over this period the number of anaesthetics approximately doubled and the proportion of emergencies increased from 10.6% to 18.7%. There was a substantial increase in the later series in the proportion of patients with major impairment before operation. Nevertheless the crude mortality rate decreased from 2.9 to 2.2 per 100 patients. This paper considers the mortality of patients in hospital in the 1972-77 series in detail. Factors that have been considered include age, sex, the preoperative clinical assessment score and the preoperative condition. Surgical and anaesthetic factors have included the site of operation, the operation itself, whether the operation was elective or an emergency and the duration of anaesthesia. No specific attempt has been made to assign the cause of death to anaesthesia or surgery. multivariate analysis will be the subject of a later paper.
METHOD
The first, accompanying, paper in this series described the anaesthetic data system which has been operating in Cardiff since 1949, and gave details of the method of data acquisition, retrieval and analysis. Validation was carried out in two stages: the first was a basic computer validation to exclude information outside a specified range; the second involved a check of 5000 records to compare the computer printout of the anaesthetic data with the patient's own medical record notes. The record clerks were shown by this process to be responsible for an error rate of 0.75%, the punch operators 0.2% and the anaesthetists 5%.
RESULTS
There were 2391 deaths during or following 108 878 anaesthetics giving a crude mortality rate of 2.2 per 100 patients.
Of these 2391 deaths 102 were in theatre, 27 in the recovery room and 2262 in the ward. The ward deaths were further subdivided by time and figure 1 shows the cumulative percentage deaths of those dying in hospital by time. Approximately 50% of those dying in hospital die within the first 7 days.
Age and sex Table I shows the male and female mortality rates by age. The overall male mortality rate was 2.7 compared with 1.8 for females, giving an overall male: female mortality ratio of 1.5:1. This increased mortality rate in males was at its greatest in the 15-24yr age group (ratio 2.90:1) and in the 25-44 yr age group (3.04:1). In older age, 65yrand more, the ratio was reversed. Mortality rates for males and females were similar in the 0-14yr age group and were higher than in early adult life. It would seem likely that this increased mortality is accounted for by operations in the neonatal period, especially for procedures associated with congenital abnormalities.
Clinical assessment score before operation Table II shows the mortality rate by preoperative clinical assessment score. This assessment, which is made by the anaesthetist on examining the patient before surgery, is a subjective appraisal and takes into account a number of pajdent risk factors including age, preoperative conditions such as cardiovascular disease or impaired respiratory function as well as the type of operation to be performed and whether it is elective or emergency. For convenience we refer to this assessment as a score (category 1 = good; 2 = minor impairment; 3 = major impairment; 4 = bad and 5 = moribund).
The mortality rate varied from 0.3 per 100 patients for those classified as good to 57.8 per 100 for those classified as moribund. The number of operations performed on patients assessed as category 1,2 or 3 was 106003 or 97.4% of all operations and in these there were 1489 deaths, an overall mortality rate of 1.4 per 100 patients. per 100 patients and ischaemic heart disease with 544 deaths from 7776 cases, giving a mortality rate of 7.0 per 100 patients. The mortality rate for patients with no defined condition before surgery was 0.5 per 100 patients.
Condition before operation

Site of operation
More than one operation and site was possible for each patient, but only the principal operation site has been presented in the following analysis. In the particular classification used there were 25 different sites. These varied from the specific, such as eye and thyroid, to the more general such as head and neck (excluding thyroid), upper abdomen and lower abdomen. Table IV shows that the most frequent sites for operation were perineal, lower abdomen, leg, cystoscopy and upper abdomen. Sites associated with the largest absolute number of deaths were upper abdomen (501), lower abdomen (481), leg (328) and intrathoracic (231). Sites carrying the highest mortality rates were intracranial (9.7%), intrathoracic (8.6%), upper abdomen (6.6%) and head and neck, excluding thyroid (6.4%).
Operation
Only the principal operation code has been analysed. Table V lists those operations with the highest mortality. With the exception of laparotomy, for which there were 3658 patients with a mortality of 14.2 per 100 patients, all the operations carrying a high mortality were performed relatively infrequently. Tracheotomy and laryngectomy had a mortality rate of 37.8 per 100 patients and amputation through thigh 20.6 per 100 patients. Table VI shows the mortality rates associated with the commoner operations. In general it can be seen that the common operations carry a low risk, for example dilatation and curettage (8000 operations) at a mortality rate of 0.1 per 100 patients and cystoscopy (7483 operations) at a mortality rate of 0.6 per 100 patients. The two commom operations associated with the greatest mortality rates were laparotomy (14.2 per 100 patients) and reduction and internal fixation of fracture (7.1 per 100 patients).
Elective and emergency operations
There were 1348 deaths during and following 89 032 elective operations, giving a crude mortality Figure 2 shows the mortality rate by duration of anaesthesia. It varies from 0.5 per 100 patients in whom the duration of anaesthesia was less than 30min to 22.6 per 100 patients for procedures lasting longer than 8h. A total of 98 191 procedures was completed in under 2 h, which was 90% of all cases analysed. The overall mortality rate in these patients was 1.6 per 100 patients. In the period 2-6h there were 703 deaths from 9978 patients (mortality rate 7.05 per 100 patients) and in the period 6-10 + h there were 102 deaths from 709 patients (mortality rate of 14.4 per 100 patients). this was in 1875 when chloroform, ether and nitrous oxide were investigated. Although the subsequent report questioned the danger of using chloroform without an inhaler, the general conclusion seemed to be that the data systems were inadequate to answer questions on the cause of death. More recently the National Halothane Study (Bunker et al., 1969) reviewed 853 000 operations in 35 institutions. The study made possible a comprehensive review of deaths following anaesthesia and surgery. Perhaps the most important factor in the now frequent evaluation of practice has been the develqpment of medical information systems and the increased capacity for data storage and retrieval. A historical review of these developments in anaesthetic record systems has been provided by Hallen (1973) . One of the earlier studies reviewed a vast collection of data from large University Hospitals in the United States (Beecher and Todd, 1954) and described the outcome of 599 548 anaesthetics in 10 institutions between 1948 and 1952.
Duration of anaesthesia
In Australia the experience in one large hospital was reviewed over a 10-yr period (Clifton and Hotten, 1963) . From 1952 to 1962, 205 640 operations and anaesthetics were analysed. Deaths associated with anaesthesia were defined as those occurring during anaesthesia, those in which the patient failed to regain consciousness following anaesthesia, and those occurring as a direct result of anaesthesia, according to specific criteria. The total number of deaths analysed using this definition was 162. The experience of the next decade was again reviewed (Bodlander, 1975) and during this period there were 408 deaths from 211 130 anaesthetics.
A more recent study (Hovi-Viander, 1980 ) looked at deaths associated with anaesthesia in Finland in 1975. Deaths were abstracted from the Patients Departure Register kept by the National Board of Health and were drawn from 338 934 anaesthetics in 100 hospitals. Associated deaths were defined as those dying within 3 days (473), those suffering cardiac arrest during anaesthesia but dying more than 3 days later (five) and later deaths where anaesthesia was held to be responsible (148).
In the United Kingdom national studies are in progress to review the causes of death in patients dying within 6 days of anaesthesia. Such confidential enquiries attempt to determine the degree of responsibility of the anaesthetic process in the causation of death (Lunn and Mushin, 1981) .
The present Cardiff study is based on all deaths in hospital during the admission when the anaesthetic and surgical intervention took place. The description of 2391 deaths represents one of the larger series available. It is also an attempt to describe the results of surgical and anaesthetic practice in a defined Health Authority Area where a group of major hospitals provide care to the population of Cardiff and its immediate neighbours. The resident population is approximately 400 000, although for some of the specialist services the Regional nature of the service draws on a wider population in South Wales.
That mortality rates increase with age is well established (Scott, 1961; Bunker et al., 1969; Holland, 1970; Marx, Mateo and Orkin, 1973) . This may be a result of the presence of coexisting preoperative conditions and of the type of operation being performed. There is a lower percentage of elective surgery in the elderly and an increase in surgery for carcinoma, which carries a higher mortality. There is also the likelihood of surgical selection which may tend to favour the major rather than minor operations.
The all-age male:female mortality ratio was 1.5:1. The age-specific mortality rates showed an unexpected reversal of the male:female ratio in older age. It does appear that women are at greater risk than men of dying following anaesthesia and operation if older than 65 years of age. A separate study of the Registrar General's mortality data for England and Wales (O.P.C.S., 1975) showed a male:female mortality ratio of 1.3 in children, increasing to 2.0 in middle age and decreasing to approximately 1.3 in old age. The male:female population ratio in Wales in 197 5 for those over 65 yr was approximately 0.64 and of those undergoing surgery in South Glamorgan the ratio was approximately 1. It does appear that men are receiving a disproportionate number of operations compared with women, but that the surgical mortality rate in older women is greater. This may be related to the type of operation performed in males and females. For example, cystoscopy is more common in males and reduction and internal fixation of fracture more common in females.
The early work on the grading of patients by clinical assessment scores before operation was described by Saklad (1941) . Feigal and Blaisdell (1979) compared the mortality rates during the 6 weeks following surgery in patients with different preoperative clinical assessment scores. These data were taken from the National Halothane Study (Bunker et al., 1969) and are based on 856000 anaesthetic procedures. The mortality rates per 100 patients were as follows: assessment score I = 0.18, II = 1.4, III = 5.4, IV = 12.4 and V = 27.3.
Elective and emergency procedures, although not free of some difficulties in definition, do allow for some comparison with other published work. The 48-h mortality rates in 68 388 cases were compared by Vacanti, Van Houten and Hill (1970) . They looked at the mortality for each of the preoperative clinical assessment scores. In this series the emergency to elective ratio was grade 1 = 2.3, grade 11=2.1, grade 111=2.4, grade IV = 1.1 and grade V= 1.2. The National Halothane Study combined the results of elective emergency surgery with the question of low, medium or high risk. For elective surgery the results were: low risk 0.23, medium risk 2.2, and high risk 10.0. This gives an overall elective mortality rate of 1.9 compared with 1.5 from our own results (Feigal and Blaisdell, 1979) .
The duration of anaesthesia is another area where it is difficult to identify the combination of different factors. The type of surgery, experience of the surgeon and unexpected complications, all influence the duration of anaesthesia. In one series in the aged (Cogbill, 1967 ) the mortality rates did not seem to be related to the length of anaesthesia. Although the numbers were small (529 cases and 67 deaths), all the operations were for patients undergoing six specific abdominal operations. On the other hand, the physiological disadvantages of prolonged anaesthesia need to be considered and these have been reviewed (Vandam, 1965) .
The analysis of 2391 deaths with a crude mortality rate of2.2perl00 patients helps describe the importance of several underlying factors. This type of analysis is not entirely satisfactory because it fails to control simultaneously for the different variables, and subsequent papers will look at this problem in more detail. Estos incluyen la edad, el sexo, la evaluacidn climca previa a la operation, la condici6n previa a la opcraa6n, la propia intervencion quinirjica, si fue elecu'va o de urgencia, asi coma la duracidn de la anestesia
